Residual Strength Calculation & Residual Life Prediction of General Corrosion Pipeline  by Dongshan, Zhang
 Procedia Engineering  94 ( 2014 )  52 – 57 
1877-7058 © 2014 Zhang Dongshan. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and/or peer-review under responsibility of the scientific committee of Symposium [Symposium E - Solid-state devices for light 
emission and detection] – ICMAT
doi: 10.1016/j.proeng.2013.11.045 
ScienceDirect
Available online at www.sciencedirect.com
MRS Singapore - ICMAT Symposia Proceedings 
 
ICMAT 2013 
 
Residual Strength Calculation & Residual Life Prediction of General 
Corrosion Pipeline 
Zhang Dongshana,b,*  
aCHINA FIRST HIGHWAY ENGINEERING CO.,LTD, beijing and 100024,China 
bSchool of Urban Construction, Yangtze University, Jingzhou and 434023,China 
Abstract 
General corrosion is of the primary reason that causes the pipeline to failure. Researching the residual strength and residual life of general 
corrosion pipeline is the main measure to conduct the pipeline integrity management, and has great significance to ensure the safety of 
pipeline transportation. The calculation of the residual strength of even corrosion pipeline under the combined effects of internal pressure 
and axial force was discussed according to the Tresca yield criterion in elasto-plastic fault mechanics, when the defected size is given，
the maximum permissible operating pressure under the defect and the calculation formula for the residual strength of corrosion pipeline 
are given. On this basis, reliability-based residual life prediction of the corrosion pipeline was developed. 
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Nomenclature 
D           Inner diameter of pipe                                                                         h          Wall thickness of pipe 
Ew              Weld coefficient                                                                                  P          Operation pressure inside the pipelines 
F           Axial force in the pipeline section                                                       S          The material allowable stress 
           Design coefficient                                                                                σs     Minimum yield strength 
ν            Poisson ratio                                                                                        Pmax          The maximum operation pressure 
σz1ʹ     The axial stress of pipeline wall under the inner pressure in assumed conditions 
σz1ʺ       The axial stress of pipeline wall, under the inner pressure in operation conditions 
σz1        The axial stress of pipeline wall under the inner pressure                   σz        The axial stress of pipeline 
σz2        The axial stress of pipeline under the axial load                                  σθ         The hoop stress  
Phc         The yield pressure of the current corroded pipeline                           f(σij)    The stress function in the yield state 
Pcmax     The allowable maximum working pressure of the axis direction         φ        The safety coefficient 
Pθmax     The allowable maximum working pressure of the ring direction        σw       The operating pressure of pipeline 
σrs          The residual strength of general corrosion pipeline                           Φ(·)    Standard normal distribution function 
t            The residual life of general corrosion pipeline 
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1. Introduction 
If symbols are used extensively, The oil and gas pipeline always serves in a complicated environment, such as the inner 
pressure, the axial load and bending load, which causes the pipe to be in a complex stress state [1]. According to the 
morphological characteristics of the corrosion defects of pipeline, the corrosion defects can be divided into three categories: 
general corrosion, local corrosion, pitting corrosion [2]. Among which, general corrosion is the primary failure form. So it is 
very necessary to deduct a deeply research on residual strength and residual life of the oil and gas pipeline, with general 
corrosion under complex stress state. Oil and gas pipeline always works with high toughness and complex forced situation, 
therefore, the elastic-plastic behavior of the pipeline must be considered, and conduct analysis based on the elastic-plastic 
fracture mechanics. The calculation of the residual strength of even corrosion pipeline under the combined effects of 
internal pressure and axial force was discussed according to the Tresca yield criterion [3] in elasto-plastic fault mechanics, 
when the defected size is given，the calculation formula for the residual strength of corrosion pipeline are given. On this 
basis, reliability-based residual life prediction of the corrosion pipeline was developed. 
2. The residual strength calculation process and mathe- matical model 
2.1. Calculation process 
Residual strength is of the ultimate bearing capacity of the structure before the internal crack damage. Residual strength 
calculation can determine whether the pipeline can meet the safe operation requirements of carrying capacity with the 
current corrosion state and quantify it, so as to make sure the maintenance and the safety of pipeline under a scientifically 
supervise. Based on the specification sizes of the oil and gas pipelines and related mechanical model assumptions, residual 
strength calculation process of general corrosion pipeline are given, as shown in figure 1. 
     
Fig. 1. Residual strength calculation process of general corrosion pipeline. 
2.2. The mathematical model of general corrosion pipeline 
 This paper takes the following hypotheses in conditions of reasonable simplified the actual problem for the convenience 
of studying problem: ①.Stress hypothesis. The corroded pipeline bears the inner pressure and axial force, which evenly 
distribute in the respective surface [4]; ②.Condition hypothesis. Corroded pipeline always meets the simple load cases and 
the Tresca criterion, in the condition of ignoring elastic deformation.  
 Oil and gas pipeline is infinite long in practical engineering, for the convenience of analysis, a section with general 
corrosion is picked to conduct a micro-unit analysis, as shown in figure 2(a). The force analysis of the pipeline section is as 
shown in figure 2 (b)、figure2(c).  
54   Zhang Dongshan /  Procedia Engineering  94 ( 2014 )  52 – 57 
     
Fig.2. The force analysis of the pipeline section. 
The calculation of axial stress should consider the following two aspects:  
When the corroded pipeline bears the inner pressure, which is p , it is assumed that the ends of pipeline section are sealed, 
both ends produced the axial stress in the wall of pipeline under the action of inner pressure. It is known that normal stress 
distributes evenly in the cross section of the pipeline because of the symmetry of corrosion pipeline, the normal stress can 
be determined according to the axial tension. According to the figure 2 (b), the axial stress can be given by 
1
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(1) 
Because of h D , the approximation formula hA D . 
In practical engineering, the long-distance buried pipeline can not stretch freely because of the resistance of soil, which 
causes poisson stress. That the axial stress of pipeline wall also can be given by 
1
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2hZ
D 
                                                                                    
(2) 
By introducing the scalar , the axial stress can be unified given by
1
p=
4 hZ
D
                                                                                     
(3) 
Where =1  is in assumed conditions and =2   is in working conditions.  
When the corroded pipeline bears the axial load with size F , according to the theory mechanics, the axial stress produced 
by pipeline can be given by 
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(4) 
Because of h D , the approximation formula 2 h
4
D D
   is  utilized in the calculation. Therefore, the total axial 
stress of pipeline section can be given by 
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(5) 
In order to calculating the normal stress in the longitudinal section of corroded pipeline, the author intercepted an unit 
length pipeline, cutting along the longitudinal section, as shown in figure 2 (c). Due to the symmetry of pipeline and 
h D , the normal stress in longitudinal section distributes even. The resultant force of pressure on the internal surface of 
the pipeline is p=pF D . Therefore, the balance equation of the upper part is given by 
p -2 0NF F 
    
or p 2 h 1=0D   
                                                            
(6) 
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According to the balance equation (6), the hoop stress is given by 
p=
2h
D

                                                                                              
(7) 
3. The residual strength calculation of general corrosion pipeline based on tresca criterion 
3.1. The maximum allowable working pressure of the pipeline 
It is assumed that corroded pipeline always satisfies simply load condition, considering the condition of uniaxial tension, 
according to the Tresca criterion of elastic-plastic fracture mechanics [5], the stress state is 1 s=  and 2 3= =0   ( 1 , 2  
and 3  are the three principal stress of the yield point), the Tresca yield condition is 1 sk = 2 , where 1k  is material 
constant. The yield pressure is equal in the condition of both ends open and close when it meets the Tresca yield criterion. 
So, the corroded pipeline can be equivalently considered as the uniaxial tension and closed pipeline in calculating the 
maximum working pressure. 
The simplified mechanical system is shown in figure 2 (a). Because of h D , stress in the middle of the pipeline 
section, which is away from both ends, is supposed to be uniform distribution [6]. Usually the hoop stress is larger than axial 
stress, namely z  , so we can deduce 1 =   , 2 Z=   and 3 r= = 0  . If the current wall thickness of general 
corrosion pipeline is ch , the current stress state of corroded pipeline is 
Z
c
p
=
4 h
D ,
c
p
=
2h
D
 , r = 0 , Zr r Z= = =0     (where 
r  is the radial stress, Zr , r  and Z  are the corresponding shear stress). According to the Tresca criterion, the 
material enters the yield state when maximum shear stress access to its limit state. So we can deduce the equation between 
the material constants and the principal stress:  
1 3
ij 1
-f = -k = 0
2
 （ ）
                                                                              
(8) 
Substituting 
1 3
p
- = =
2 h c
D
    into the equation (13), we can deduce the yield pressure of pipeline by the given wall 
thickness of the defect.  
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2 h
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(9) 
According to the theory of elastic-plastic fracture mechanics and the relevant criteria, and the defect size of corrosion 
pipeline, the allowable maximum working pressure of the axis direction is given by 
 w c w
m a x
4 h -
=Z
S E F S E D
P
D

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(10) 
The allowable maximum working pressure of the ring direction is given by
w c
m a x
2 h= S EP
D

                                                                                    
(11) 
The allowable maximum working pressure of the pipelines is given by 
 m a x m a x m a x h= m in , p cC LP P P ，
                                                                        
(12) 
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3.2. The calculation on residual strength of corrosion pipeline 
Because the allowable maximum security working pressure of pipeline qualitatively responses the ultimate bearing 
capacity of pipeline, the residual strength pipeline can be quantified by the allowed maximum working pressure of corrosion 
pipeline. So the residual strength of general corrosion pipeline can be given by 
 w c ww c s c
rs m ax
4 h -2 h 2 h= m in
S E F S E DS EP
D D D
    
    
， ，
                                   
(13) 
4. The residual life prediction of general corrosion pipe based on reliability theory 
4.1. The reliability-based life prediction model of corrosion pipeline 
If residual strength of the pipeline is greater than operating pressure of material in operation period, the pipeline 
operation failure will not occur during the period, the limit state function is given by 
rs wZ= -
                                                                                               
(14) 
For the limit state function as above type, within a running time t, when Z 0 , the pipeline failure does not occur; 
when Z<0 , the pipeline failure occurs. Therefore, in a certain value t, the probability of Z 0  is the reliability of life 
period t. If residual strength is lower than the operating pressure, the pipeline failure occurs. 
Failure probability fP  and reliability ( )R t  are given by 
   rs w rs w=P( - 0)=P(Z 0)fP P       （ ）
                                                         
(15) 
rs w rs w( ) =P( - 0)=P(Z<0)R t P      （ ）
                                                         
(16) 
4.2. The reliability-based residual life prediction of corrosion pipeline 
As can be seen from the reliability assessment model, the key of getting general corrosion pipeline reliability is to 
determine the distribution of the operation pressure and residual strength. Through the tubing mechanical performance 
testing and pipe blasting experiment data analysis, it shows that they both have approximate normal distribution [7]. 
As long as get operating pressure data of general corrosion pipeline at a different time, the distribution parameters can 
be calculated and the value of   and   can be determine. 
Due to 2N( , )w  ∼ , according to the properties of the normal distribution, wZ  
  Obeys the standard normal 
distribution (0,1)N . The reliability also can be given by 
w rs rs
w rs( ) =P( ) ( )R t P
         
      （ ）
                                           
(17) 
Then the failure reliability of pipeline life is given by 
 w c ww c s c
rs
4 h -2 h 2 h
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(18) 
In the case of having hc 、 、 , the reliability can be got by looking up the standard normal integral table. 
Under a certain temperature, the empirical formula [8] between stress and fracture time is given by 
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t= BA                              
                                                                 
(19) 
where A  and B  are parameters. In the calculation, test data which is obtained through the pipe specimen tensile test 
have a processing on the least square method, the value of A  and B  can be determined. So the residual life of general 
corrosion pipeline under the defect is given by 
 w c ww c s c4 h -2 h 2 ht= min
B
SE F SE DSE
A
D D D
  
      ， ，
                                                  
(20) 
So the reliability of general corrosion pipeline continue running t  under the given defect size is ( )R t . 
5. Conclusion 
Residual strength of the long-distance oil and gas pipeline mainly depends on the situation around, and general corrosion 
is the primary failure form of pipeline. In practical projects, pipelines in service are with different degree of corrosion. In 
order to ensure the safety of the pipeline, minimize the economic losses caused by various possible accidents, the research 
on residual strength and residual life of general corrosion pipeline should be developed. The calculation of the residual 
strength of even corrosion pipeline was discussed according to the Tresca yield criterion in elasto-plastic fault mechanics, 
combining with the maximum operating pressure, the calculation formula for the residual strength of corrosion pipeline are 
given, on this basis, reliability-based residual life prediction of the corrosion pipeline was developed. 
References 
[1] Su, C.L., Xin, L. and Jing, Z. Numerical Analysis of Ultimate Benging Capacity of Pipeline with Single Corrosion Defect. The 20th national structure 
engineering academic meeting. 2011, 360-367. 
[2] Wang, C.L., Peng, Z., Chen, L.Q. and Yao, J.J.  Methods for Assessment of Remaining Strength of Corroded Pipe. Journal of Sichuan University. Sept., 
2003, 35(5): 50-54. 
[3] Unger D J. Path Independent Integral for an Elliptical Hole in a Plate under Tension for Plane Stress Deformation Theory. Journal of Elasticity. 2008, 
92(3).217-226. 
[4] Liu, Z.P., Wang, H.W. and Yan, X.Z. Analysis of Casing Strength after Perforation Using Plasto-Elasticity Theory. Petroleum Drilling Techniques. 
2007, 35(2): 31-35. 
[5] Chen, Y.F. Study on Failure Mechanism and Ultimate Load Capacity of Corroded Submarine Pipeline. Ph.D. Thesis. Dalian University of Technology, 
2009.  
[6] Li You. Elastic-plastic Mechanics Introduction. Beijing: Science Press, 2008. 
[7] Liu, W.X.  Mechanical reliability. Beijing: Tsinghua university press, 1996. 
[8] Zu Min. The failure analysis of main steam pipe. Master Thesis. Wuhan university of technology, 2004. 
